Abstract
Introduction
The amount of methane in coalbed can be verified by adsorption isotherms and also by gas measurements using cores /cuttings of coal sample. Methane in the coalbed can be present as free gas within the pores or as an adsorbed layer in the internal surfaces of the coal micropores.
Methane gas is adsorbed to the internal surface area of the coal due to the high pressure. Coalbed methane exists as a monomolecular layer on the internal surface of the coal matrix [J. R. Fanchi, 2005] . The only way to produce these gasses is by reducing the pressure within the coal matrix until the gas can be desorbed.
Coal has a lot of micropores and macropores along with natural fractures or cleats where the methane gas can be stored. Most of the gas is stored by adsorption in the coal matrix. Hence, production is based on pressure depletion [K. Aminian] . The amount of gas stored in coals can be estimated using Langmuir's equation: Gs = (VLP) / (PL+P) (1) Where: Gs = Gas storage capacity (SCF/tonne), P = Pressure (psia), VL= Langmuir volume constant (SCF/tonne), PL= Langmuir pressure constant (psia), Meng. et. al, 1996 suggested that primary and secondary cleats are also means for gas storage within the coal. CBM trapping is identified with sorption isotherms that indicates the maximum volume of methane that a coal can store in an equilibrium conditions at a given pressure and temperature. Typically these types of isotherms shows initial reservoir gas content with respect to the pressure, critical desorption pressure and abandonment conditions. Gas cannot flow until reservoir pressure is lesser than critical pressure as shown in figure 1. The recovery factor and recoverable reserves can be determined by comparing the initial and abandonment gas content values on the isotherm curve. Sorption is defined as the physico-chemical nature of the methane storage in the coal and in general, following are the states in which methane is stored in coal. ((Ceglarsk-Stefa ska and Brzóska, 1998; Ceglarsk-Stefa ska and Zar bska, 2002; Rice, 1993) 
Free state
It is that state, where methane molecules are within the fractures and the macropores.
Adsorbed state
That state in which the methane molecules have a physical adsorption within micropore complexes.
Absorbed state
In this state, methane is dissolved within the molecular structure of the coal.
A coalbed methane gas in the reservoir is stored in two locations: [Fekete Associates Inc, 2011] 1. Adsorption in the coal matrix. 2. Compression fracture system of coal. This is often the "free gas" as referred to, and generally living in a small volume.
As the sorption mechanism deals with the methane storage in coal, diffusion theory will be helpful to know the movement of methane from one place to another (i.e. from one pore to the other until the methane molecule approaches the cleats). Moore, 2012 in his studies suggests that Fick's law can be used to determine the gas diffusion [T. A. Moore, 2012] . Initially the Fick's law was hard to confirm but with the time, it was supported through the experimental stuff [J. Philibert, 2005] . The Fick's law is stated as;
(2) Where, F = Diffusion flux, D = Diffusion coefficient, (dC / dx) = concentration gradient The Langmuir equation is used to determine the maximum gas storage capacity of a reservoir and the equilibrium pressure.
Methane is trapped in coal beds by adsorption on the free surface. The free surface is mainly available in the micropores and partly in different cleats. The average percentage of micropores (1.2x10 -7 cm diameter) in a coal increases with rank and ranges from 19.3% in lignites to 75% in anthracites. The effective molecular diameter of adsorbed methane is 4.1x10 -8 cm suggesting a maximum of three molecules can be accommodated in a micropore.
The commitment of optimized production of methane depends on the amount adsorbed on the coal surface. Methane in the micropore can be accommodated either by solution in pore water or adsorption or as free gas under pressure. If it is dissolved in water then for CBM production it is not useful because the dissolved gas will be expelled during dewatering phase of the well completion. It is only the free gas and the adsorbed gas that need to be evaluated for optimized production.
Langmuir assumed a mono-layer of adsorption in selective locales on the adsorbent whereas many of the present day models assumed multilayers of adsorbates (i.e. BET). Problem arises with the concept of layering during adsorption process whereby it is difficult to think of adsorption of methane over a methane layer. With higher pressure methane can be accommodated as free gas but will not be adsorbed on any methane surface. It is therefore necessary to understand how methane molecule is trapped in the micropores of coal bed.
Methane is trapped in pores of the coal either as a free gas or as an adsorbate (monolayer or multilayers as shown in figure 2 ) as a function of pressure and temperature "adsorption process". [Connexions, 2012; M. K. Kazi, 2009] Coal has a dual pore system consisting of micropores and macropores. When the molecular structure of coal change with temperature and time, a point is reached where thermogenic methane is evolved in large volumes, micropores engages extraordinary amount of methane per unit of coal and cleats permeate the coal to move the surplus methane. Thus, methane is generated to be stored and dissolute over geologic time. [Rogers et. al. 2007] The mechanical properties and permeability of the coal is determined at large extent by the network of the natural fractures and cleats in the coal. Therefore, completing a well and producing methane from a coal bed, it is essential to understand the origin and role of the variety of natural fractures. Absorbent is that solid or the liquid on which adsorption occurs whereas the adsorbate is that gas or liquid or the solute from a solution which gets adsorbed on the surface. In adsorption process, molecules of one substance are present in higher concentration at the surface of another substance. [Amirta laboratories, 2012] Increasing the temperature will decrease the volume of the adsorbate (methane) but it will go reverse in case of high pressure (i.e. the volume of methane increase as suggested by Langmuir). [Rogers et. al, 2007] Moore, 2012 modified from Bustin and Clarkson, 1998 the relationship between the total percent of vitrinite (raw coal in figure 3 ) and the maximum gas holding capacity which shows that the higher the percentage of total vitrinite will results in higher methane adsorption (m 3 /t, DAF). [R. M Bustin, 1998; T. A. Moore, 2012] Figure 3. Relationship of vitrinite percentages with adsorbed methane and the pressure. [T. A. Moore, 2012] The scope and objective of this study covers the methane adsorption potential of Malaysian coal and comparison of the measured adsorption potential with methane adsorption of selected CBM producers. This study will therefore lead to further possibilities of CBM potential in Malaysia.
Research Methodology
The study is performed using methane adsorption isotherms analysis to get the familiarity with the gas storage in coal samples either in cleats and/or the micro-pores. These micro-pores are responsible to trap methane molecule which is directly related to the diameter of that micro-pore. Adsorption isotherms are compared for the gas content measurements of different coal seams.
Findings and Discussion
Figure. From the figure 4, it is noticed that the sample when it is DAF (dry ash free) adsorbed more gas at high pressure (i.e. at 6.23 MPa or 61.483 atm will result 8.64 m 3 /tonne) as compared to the sample which is measured in the condition as it is received will result 7.32 m 3 /tonne. If the lowest pressure (0.25 MPa or 2.467 atm) is taken into consideration then it shows that the methane volume adsorbed in DAF is 1.11 m 3 /tonne whereas the sample results the volume as 0.94 m 3 /tonne in the condition as it is received. The methane adsorption of Malaysian coal was then compared with couple of CBM producing fields/basins in the world like (Piceance Basin and Powder River Basin in figure 5 & 6 ). The Langmuir isotherm shows that the minimum amount of methane adsorbed in Malaysian coal is (0.4 m 3 /tonne or 14.11 scf/tonne at 36 psia) where as in Piceance basin shows almost (0.85 m 3 /tonne or 30 scf/tonne at 36 psia) and Powder River Basin shows (0.185 m 3 /tonne or 6.52 scf/tonne at 36 psia). This suggests that Malaysian coal also have good methane adsorption potential compared to other producing CBM fields.
Results also suggest that the adsorption amount depends on depth only for particular coal but the amount does not depend on the depth of varieties of coal. This has been confirmed when these basins were compared with respect to their depths (i.e. Piceance Basin as 12,200 ft and Powder River Basin as 2,500 ft).
Concluding Remarks
It is concluded that the Malaysian coal do have high potential for methane adsorption. Therefore Malaysian coal will be successful CBM producer at greater depth only if it has got a definite source of methane.
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